Background: Scarce data are available on hemoglobin and platelet in relation to coronary artery spasm (CAS) development. We sought to determine the roles that high-sensitivity C-reactive protein (hs-CRP), hemoglobin and platelet play in CAS patients. Methods: Patients (337 women and 532 men) undergoing coronary angiography with or without CAS but without obstructive coronary artery disease were evaluated during a 12-year period. Results: Among women with high hemoglobin levels, the odds ratios (OR) from the lowest (<1 mg/l) to the highest tertiles (>3 mg/l) of hs-CRP were 1.21, 2.15, and 5.93 (p=0.009). In women with low hemoglobin levels, an elevated risk was found from the middle to the highest tertiles of hs-CRP (OR 0.59 to 3.85) (p=0.004). This relationship was not observed in men. In men, platelet count was the most significant risk factor for CAS (p=0.004). The highest likelihood of developing CAS was found among women with the highest hs-CRP tertile and low platelet counts (OR 8.77; 95% confidence interval [CI] 2.20-35.01) and among men with the highest hs-CRP tertile and high platelet counts (OR 4.58; 95% CI 0.48-43.97). Neither hemoglobin level nor platelet count was associated with frequent recurrent angina in both genders with CAS whereas death and myocardial infarction were rare. Conclusions: There are positive interactions among hs-CRP, hemoglobin and platelet in women with this disease, but not in men. While hemoglobin is a modifier in CAS development in women, platelet count is an independent risk factor for men. Both women and men have good prognosis of CAS.
Introduction
Coronary artery spasm (CAS), of which the mechanism is not fully understood, is an important cause of variant angina and ischemic heart disease [1] [2] . While smoking and inflammation, characterized by elevated high-sensitivity C-reactive protein (hs-CRP) levels [2, 3] , may predispose to CAS, they
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International Publisher are unlikely to constitute major direct causes of CAS in the whole population of patients with this disease [2] . CAS has been even purportedly associated with bitter orange (Citrus aurantium)-containing products [4] . Thus, elucidating other potential triggers could represent elusive therapeutic targets. It has long been recognized that red blood cells are vasoactive [5] [6] [7] . While the benefit of modest anemia to reduce blood viscosity is well established in cerebral spasm [7, 8] , it is unclear in CAS. A J-shaped relationship has been observed between hemoglobin (Hb) levels and prognosis, indicating that low and high Hb levels are associated with poor prognosis of patients with coronary artery disease (CAD) [9] . Such an association, however, has never been investigated in patients with CAS.
A dynamic interaction has been demonstrated between platelet aggregates and CAS in myocardial infarction [1] . Transient increases in platelet counts are observed in many inflammatory diseases [10] . Although there is evidence that women have higher platelet counts and reactivity than men with CAD [11] , it is unclear whether there is a similar gender disparity in CAS. We previously demonstrated that the relationship between hs-CRP and CAS in patients without obstructive CAD differed between women and men and that age contributed to CAS development in men [4] . Little is known, however, about the effect of the relationship among hs-CRP, Hb and platelet on risk and prognosis for CAS. Therefore, we enrolled more patients with and without CAS to determine whether there are interactions among gender, hs-CRP, Hb and platelet that influence CAS development in patients without obstructive CAD. Furthermore, we determined the long-term prognosis of CAS in these patients.
Methods

Study population
From January 1999 to December 2010, 869 patients with suspected ischemic heart disease and no angiographic evidence of obstructive CAD were subjected to intracoronary methylergonovine testing. Inclusion criteria for patients with CAS included spontaneous chest pain at rest associated with electrocardiographic evidence of ST-segment elevation or depression, subsequently relieved by sublingual administration of nitroglycerin, no angiographic evidence of obstructive CAD after intracoronary nitroglycerin administration, and/or a positive result on intracoronary methylergonovine provocation tests. The control group consisted of patients who presented with atypical chest pain, no angiographic evidence of obstructive CAD, and negative results on intracoronary methylergonovine provocation tests (no CAS). Exclusion criteria included evidence of obstructive CAD, inflammatory manifestations probably associated with noncardiac diseases (e.g., infections and autoimmune disorders), liver disease/renal failure (serum creatinine level >2.5 mg/dl), collagen disease, or malignancy, and loss of blood samples. This study was approved by the Chang Gung Memorial Hospital Institutional Review Board (96-1069B) and the Taipei Medical University-Joint Institutional Review Board (201011004). All patients gave written informed consent.
Definition of terms
Current smoking was defined as having smoked a cigarette within 3 weeks of the cardiac catheterization. Diabetes mellitus was defined from dietary treatment and/or medical therapy. Baseline seated blood pressure is the mean of 6 readings obtained during the first 2 office visits performed 2 weeks apart. Hypertension is defined as blood pressure of >140/90 mmHg or receiving antihypertensive treatment. Hypercholesterolemia was defined where serum total cholesterol was >200 mg/dl.
Laboratory analysis
Blood specimens were collected after an overnight fast immediately before coronary angiography. Serum hs-CRP was measured in duplicate by an enzyme-linked immunosorbent assay (IMMULITE hs-CRP, Diagnostic Products Corp., Los Angeles, California). The lower limit of this assay was 0.10 mg/l and coefficients of variation were ≤5% at 0.20 mg/l of C-reactive protein.
Provocative protocol
Coronary angiography was performed using the standard Judkins technique. Nitrates and calcium antagonists were withdrawn for ≥24 hours before the procedure. Left ventricular ejection fraction (LVEF) was calculated using Simpson's method. Obstructive coronary stenosis was defined as a ≥50% reduction in luminal diameter after administration of intracoronary nitroglycerin [12] . If no obstructive coronary stenosis was found, intracoronary methylergonovine (Methergin®; Novartis, Basel, Switzerland) was administered stepwise (1, 5, 10, 30 µg) first into the right coronary artery and subsequently into the left coronary artery. CAS was defined as a >70% reduction in luminal diameter compared with postintracoronary nitroglycerin, with associated angina and ⁄ or ST depression or elevation [13] . Provocation testing was stopped with an intracoronary injection of 50-200 µg of nitroglycerin (Millisrol®; G. Pohl-Boskamp, Hohenlockstedt, Germany). Reversal in coronary artery diameter confirmed the diagnosis of CAS. Spontaneous CAS was defined as the relief of >70% diameter stenosis after intracoronary nitroglycerin 50-200 µg administration.
Follow-up
Patient follow-up data were obtained from medical records of outpatient visits and hospital readmissions or telephone interviews. All patients with the exception of those who died were followed up for at least 12 months. The study end point was the occurrence of a major adverse cardiovascular event (MACE), which is a composite of death, nonfatal myocardial infarction, and recurrent angina pectoris requiring repeat coronary angiography. All deaths were considered cardiac-related deaths unless an unequivocal noncardiac cause could be identified. Coronary events were defined as nonfatal myocardial infarction and recurrent angina pectoris requiring repeat coronary angiography.
Of the 869 patients in the initial study, follow-up data were available for 783 patients (90.1%), of whom 293 were women (86.9% follow-up) and 490 were men (92.1% follow-up).
Statistical analysis
Continuous variables are expressed as mean±SD or as median (interquartile range), and log transformation was performed for variables with positive skewness for the subsequent Student's t tests between 2 groups. Categorical variables are expressed as frequencies (percent) and were analyzed using the chi-square test. Tertiles of hs-CRP were categorized as lowest (<1 mg/l), middle (1-3 mg/l), or highest (>3 mg/l) [14] . Multivariable-adjusted odds ratios (OR) and 95% confidence intervals (CI) calculated with multiple logistic regression were used to identify risk factors for CAS in patients without obstructive CAD. Variables were selected based on a priori knowledge and significance of univariate tests while constructing multivariable models. Stratified analyses were performed on a subset of 526 patients whose hs-CRP measurements were available to examine the interaction of hs-CRP tertiles, Hb level (high/low determined by the mean concentration of 13.6 g/dl), and platelet count (high/low determined by the mean count of 205×10 9 /l) on CAS. Differences in incidence of MACE and coronary event-free survival between groups during the follow-up period were assessed by the Kaplan-Meier method with the log-rank test. Differences in Hb levels and platelet counts across age groups were analyzed with one-way analysis of variance and the post hoc Scheffe's procedure. The level of significance was set at p<0.05 and all tests were two-tailed. Statistical analyses were performed with SPSS version 15.0 (SPSS Inc., Chicago, IL, USA).
Results
Baseline characteristics
The mean age of the 869 patients who underwent diagnostic coronary angiography was 57±12 years, and 39% were women. A total of 495 patients had CAS (spasm group) ( Figure 1 ) and 374 did not have CAS (control group). Advanced age, male gender, and current smoking status were associated with a greater likelihood of developing spasm. Moreover, Hb level, hematocrit, platelet count, and hs-CRP were significantly higher in the spasm group than in the control group (Table 1) . Single-vessel spasm was the most common finding in patients with spasm, and spasm was provoked mostly in the right coronary artery. The number of patients who used β-blockers and calcium-channel blockers before coronary angiography was significantly greater in the control group than in the spasm group. However, after coronary angiography, the number of patients who used calcium-channel blockers and nitrates was significantly greater in the spasm group than in the control group.
Among women, Hb level, hematocrit, and hs-CRP level were positively associated with CAS. Among men, however, age, current smoking status, platelet count and hs-CRP level were positively associated with CAS (Table 2) . Among spasm patients, women tended to have a higher LVEF than men. In addition, the prevalence rates of current smokers, high Hb level, and high hematocrit level were higher among men than women.
Gender-specific factors and CAS in the hs-CRP subset
Multivariable stratified analyses demonstrated that the levels of Hb and hs-CRP were associated with CAS among women, with hs-CRP as an independent risk factor. However, age, current smoking status, and platelet count were independently associated with CAS among men (Table 3) .
Stratified analyses on hs-CRP tertiles, Hb and platelet
Significant interactions were demonstrated between hs-CRP tertiles and Hb (model 1) and platelet (model 2) on the risk of CAS among women but not in men (Table 4 ).
1. Model 1 analysis. In women, high Hb level was a significant modifier for CAS. Women with high and low Hb levels in the highest tertile of hs-CRP had a 5.9-fold (95% CI 1.57-22.37) and a 3.9-fold (95% CI 1.52-9.74) higher risk for CAS, respectively, than those with low Hb levels in the lowest hs-CRP tertile. This relationship was not observed in men.
2. Model 2 analysis. In men, platelet count was the most significant risk factor for CAS. Provoked coronary spasm and a dynamic interaction between platelet aggregates and spontaneous spasm related to angina and myocardial infarction, respectively. (A) A 62-year-old man had an unstable angina, presenting after wakening with resting chest tightness at night. Baseline angiography showed normal right coronary artery (RCA) with minimal plaquing. (B) Nearly 100% spasm appeared at middle and distal sites after intracoronary administration of 46 μg methylergonovine, which responded to intracoronary nitroglycerin 200 μg. (C) A 59-year-old man, a 15-cigarettes-per-day smoker, with a platelet count of 317×10 9 /l had an acute inferior ST-segment elevation myocardial infarction. His platelet count was 264×10 9 /l 1 year before this event. A subtotal occlusion without response to intracoronary nitroglycerin 400 μg with a large intramural thrombus in the mid-RCA (arrows) lead to poor distal runoff flow. (D and E) Manual thrombectomy using a Thrombuster catheter aspirated a large red thrombus clot about 1.5×20 mm. He then developed further chest pain and ST-segment elevation inferiorly. The mid RCA segment showed severe spasm with disappearance of mid and distal flow which responded to intracoronary nitroglycerin 200 μg. ST-segment elevation returned to baseline. He was then started on verapamil and aspirin and was asymptomatic at a 6 month follow-up. 
Hb, platelet and age
Hb level tended to decrease with advancing age in men, while a moderate decline was observed in women after the age of 50 years (p<0.001 and p=0.018, respectively). In women, patients with spasm had higher Hb levels in every age category than patients without spasm (Figure 2A ). However, this pattern was less clear in men ( Figure 2B ).
Men with current smoking status had higher platelet counts than men who did not smoke (p=0.002). Women were found to have higher platelet counts than men after 40 years of age ( Figure 2C ). Platelet counts decreased with advancing age in men ( Figure 2D ), while a moderate decline was observed in women after the age of 40 years (p<0.001 for both genders). In men, patients with spasm appeared to have higher platelet counts in most age strata than patients without spasm.
Follow-up data
All patients with the exception of those who died were followed up for at least 12 months (follow-up period: 1 to 144 months; mean 87.9±40.7 months; median 96 months). Five patients in the control group died during the follow-up period (1%), and deaths in all 5 patients were due to a noncardiac cause (septic shock [n=4] or cancer [n=1]). Three deaths occurred in the spasm group (0.6%), and the deaths were due to sudden cardiac death (n=2) or cancer (n=1). Coronary events occurred in 7 (2%) patients in the control group and in 40 (8%) patients in the spasm group. Three nonfatal myocardial infarction events were identified in the spasm group (0.6%).
The frequency of MACE-free survival was significantly lower among both genders in the spasm group than in the control group (p=0.0045 for women and p=0.0002 for men) ( Figure 3A) . Comparison of coronary events between the spasm and control groups equally disclosed a significant difference for both genders ( Figure 3B ). However, neither Hb level nor platelet count was associated with risk for coronary events ( Figure 3C, 3D) . Figure 2 . Geometric mean hemoglobin concentration and platelet count by gender and age. (A and B) Hemoglobin level tended to decrease with advancing age in men, while a moderate decline was observed in women after the age of 50 years (p<0.001 and p=0.018, respectively). In women, patients with spasm had higher hemoglobin levels in every age category than patients without spasm. However, this pattern was less clear in men. (C and D) Women were found to have higher platelet counts than men after 40 years of age. Platelet counts decreased with advancing age in men, while a moderate decline was observed in women after the age of 40 years (p<0.001 for both genders). In men, patients with spasm appeared to have higher platelet counts in most age strata than patients without spasm. Vertical bars represent 95% confidence intervals. Gender-specific outcomes according to presence or absence of coronary artery spasm (CAS), higher or lower than mean hemoglobin (Hb) Levels, and higher or lower than mean platelet counts. Kaplan-Meier survival curves of: (A) major adverse cardiovascular event (MACE)-free survival showing the frequency was significantly lower in the CAS group than in the control group; (B) coronary events showing significantly more events in patients with CAS than in controls; (C) coronary events shown for women and men with high or low Hb levels; and (D) coronary events shown for women and men with high or low platelet counts.
Discussion
We found that hs-CRP was an independent risk factor for CAS among women and that age, current smoking status, and platelet count were independently associated with CAS in men. Hb is a potential modifier of the occurrence of CAS in women while platelet count is the most significant risk factor for CAS in men. There are interactions among hs-CRP, Hb and platelet in CAS development in women, but not in men. Prognosis of CAS is similarly good in both women and men, as recurrent angina was frequently observed whereas death and myocardial infarction were rare. To our knowledge, the present study is the first to describe that there are gender differences in the effects of Hb levels and platelet counts on the development of CAS in individuals without obstructive CAD.
Our finding that Hb had a dose dependent effect on CAS development among women has not been previously demonstrated. However, the disparity between genders on the association of Hb with CAS is not fully understood. It has been suggested that women have greater vasodilatory responses and are more resistant to the effects of vasoconstricting signals than men, indicating that overall vascular reactivity is lower in women than in men [15] , contributing to the fact that women tolerate a low Hb better than men [16] . In this study we did not detect an association between hs-CRP and Hb levels in both genders, eliminating the role of hs-CRP involving in the relationship between Hb levels and CAS development. Among women in model 1 analysis, more patients with low Hb levels had lowest hs-CRP tertile than those with high Hb levels (36% and 27%, respectively), while more patients with high Hb levels had highest hs-CRP tertile than those with low Hb levels (44% and 35%, respectively), suggesting Hb may increase the role of high hs-CRP levels in the development of CAS in women, contributing to the threshold effect of hs-CRP in women with low Hb levels. However, this interaction was not observed in men. Longitudinal studies are needed to investigate whether the different roles of Hb in women and men in CAS development are secondary to hormonal effects.
A previous study has reported a dynamic interaction between platelet aggregates and CAS, in which platelet aggregation may lead to CAS and the constriction may promote further platelet aggragation [1] . Enhanced platelet reactivity has been demonstrated in patients with vasospastic angina [17] . While a study has proposed that platelets are less thrombotic in women than in men [15] , our finding that women with CAS had higher platelet counts than men with CAS suggests that platelet reactivity is dependent on aggregate size of platelets, which represents the activated state of platelet function rather than platelet count per se. It has been shown that testosterone deteriorated only small aggregates while estradiol deteriorated all sizes of aggregates [18] . Therefore, it is possible that greater baseline reactivity in women allows for a more prominent reduction in platelet function when exposed to estradiol, contributing to the insignificant role of platelets in CAS development in women. Furthermore, that there was no correlation between hs-CRP level and platelet count in our patients eliminates the role of hs-CRP involvement in determination of platelet count on CAS development. Men with high hs-CRP levels and platelet counts can easily be identified during routine examination and could possibly benefit from early intervention, suggesting that platelet count can serve as a simple and cost-effective biomarker of CAS.
Consistent with a previous report [19] , we found that platelet counts were significantly higher among men who smoke than among men that do not smoke. Our observations that men had higher Hb concentrations than women and that older adults had lower Hb levels and platelet counts than younger patients were in line with other studies [20, 21] . Furthermore, Hb levels and platelet counts have been found to vary substantially according to age, gender, and race/ethnicity [20, 21] . Population-based studies are needed for Hb and platelet to differentiate the causality from predisposing factors through biomarkers to the occurrence of CAS.
There are limitations to this study that should be taken into context when evaluating our results. First, this study is a clinical observational study based on a hospital patient cohort, and not a population-based causality analysis. The observational study design, even with extensive multivariable analysis, cannot prove causal relationships. Accordingly, this observed relationship among Hb, platelet and hs-CRP in CAS development provides valuable information on both mechanistic conjecture and clinical practice. Second, the causes of low or high Hb levels in patients were not examined. Complicated pathways may exist, but they were not explicitly demonstrated in this study. Third, the sample size of women who were current smokers was small, which might have resulted in an underestimation of the effect of smoking on risk for CAS in women. Fourth, the data were collected from a community based teaching hospital. One of the major limitations might be placed as the Berkson's bias under a referral delivery system. In addition, the patients' behavior may be different as opposed to those in the primary care settings.
Conclusions
Among women, hs-CRP is an independent risk factor for CAS development. Age, current smoking status and platelet count are independently associated with CAS among men. There are interactions among hs-CRP, Hb and platelet in women with CAS, but not in men. Hb is a potential modifier of the occurrence of CAS in women while platelet count is the most significant risk factor for CAS in men. These potential triggers of CAS may act in the same patient to cause angina attacks in different conditions. Recurrent episodes of angina are frequently observed in women and men with CAS whereas death and myocardial infarction are rare. Neither Hb level nor platelet count is associated with risk for coronary events. These results may contribute to a basis for the gender differences in CAS development and treatment strategies in the future.
